Cyanidin 3-O-ƒÀ-D-Glucoside
Attenuates Anthocyanins are the largest group of water-soluble pigments in the plant kingdom. They are widely distrib uted in the human diet through crops, beans, fruits, vegetables, and red wine (1) , suggesting that we ingest large amounts of anthocyanins from plant-based daily diets. In general, anthocyanin pigments are stable under acidic conditions, but unstable and rapidly bro ken down under neutral conditions (2). Some trials to reduce the injury caused by hepatic I/R through a suppression of CINC-1 production have been undertaken, and the administration of various drugs has been demonstrated to be effective in reducing CINC 1 production in rats (19-21). Yamasaki et al. and Yagihashi et al. showed that pretreatment with anti CINC antibody significantly reduced tissue myeloperoxi dase activity and injury after brain or small intestinal I/R treatment in rats (22, 23). These results strongly in dicate that a decrease in neutrophil infiltration into tis sues through a suppression of CINC-1 production is ef fective in the attenuation of I/R injury in rats. We previ ously reported that dietary C3G suppressed hepatic I/R injury in rats (7). However, there have been no prior studies on whether oral administration of food factors, such as anthocyanins, reduces liver injury caused by I/R through a decrease in CINC-1 production.
In the present study, by using a specific antibody we demonstrated that the oral administration of C3G func tions as an antioxidant and attenuates the hepatic I/R injury evaluated by lipid hydroperoxide-modified pro tein and protein cross-linking levels using a specific an tibody. We also demonstrated that the suppression of the injury by C3G is due to a decrease in CINC-1 pro duction in rats. Measurement of the activities of marker enzymes for liver injury and liver thiobarbituric acid-reactive substances (TBARS) level. The plasma glutamic oxaloacetic transaminase (GOT) and glutamic pyruvic transami nase (GPT) were assayed by the use of commercial assay kits (Transaminase CII Test; Wako Pure Chemical Industries, Ltd., Osaka, Japan). The activities are ex pressed as international units (IU) per liter of plasma. For the measurement of liver TBARS, the frozen liver was homogenized with 10 vol of 1.15% KCl, and TBARS assay was performed by the method of Ohkawa 
RESULTS
Plasma activities of marker enzymes for liver injury and TBARS concentration after hepatic I/R Figure 2 shows the plasma activities of GOT and GPT, marker enzymes for liver injury in the control and C3G groups after hepatic I/R. I/R caused marked increases in these activities in the control group (at 1h reperfu sion; GOT 4.8-fold and GPT 7.3-fold, and at 4h reperfu sion: GOT 9.4-fold and GPT 16-fold, respectively) ( Fig.  2A and 2B ). On the other hand, the increases in the ac tivities of these enzymes were significantly suppressed in the C3G group throughout the 4h reperfusion, though the releases were slightly increased after I/R ( Fig. 2A and 2B) . Evaluation of TBARS, HEL, and DT levels after hepatic I/R Figure 3 shows liver TBARS, HEL, and DT levels in the control and C3G groups after hepatic I/R. The liver TBARS concentration in the control group was in creased at the 4h reperfusion after ischemia (at 4h reperfusion, 1.3-fold). On the other hand, the elevation of TBARS concentration was completely suppressed in the C3G group (Fig. 3A) . Liver HEL level was increased in the control group at the 4h reperfusion, compared with that before reperfusion (at 4h reperfusion, 1.4 -fold). However, the elevation was significantly sup pressed by the administration of C3G at 4h reperfusion (Fig. 3B) . The liver DT level was also increased in the control group at the 4h reperfusion, compared with that before reperfusion (at 4h reperfusion, 1.4-fold). The administration of C3G significantly suppressed the elevation at the 4h reperfusion (Fig. 3C) . Liver MPO activity after hepatic I/ R Figure 4 shows MPO activity in the control and C3G groups after hepatic I/R. The liver MPO activity was in creased in the control group (at 1h reperfusion: 1.5 -fold, and at 4h reperfusion: 2.3-fold), compared with that before reperfusion. The administration of C3G completely suppressed the elevation throughout the 4h reperfusion.
Plasma and liver CINC-1 concentrations after hepatic I/R Figure 5 shows the plasma and liver CINC-1 concen trations in the control and C3G groups after hepatic I/R. In the control group, the plasma CINC-1 concen tration was elevated sixfold at 1h and 13-fold at 4h reperfusion, compared with that before reperfusion (Fig. 5A) . However, it was significantly suppressed in the C3G group throughout the reperfusion (Fig. 5A) . The liver CINC-1 concentration was also elevated to tenfold at 1h and 53-fold at 4h reperfusion, compared with that before reperfusion in the control group (Fig.  5B ). In the C3G group, it was also significantly sup pressed throughout the 4h reperfusion (Fig. 5B) . 
DISCUSSION
Recently, the antioxidant activity of phenolic phyto chemicals has been widely investigated (35-37). Anthocyanins, which are included among the phenolic phytochemicals, are unstable under neutral conditions; therefore it was believed that anthocyanins would have no antioxidative activity. However, we demonstrated in an in vitro and in vivo study that C3G has antioxidant activity (4-6). Moreover, feeding C3G for 14d sup pressed the liver injury caused by hepatic I/R treat ment, which is recognized as a model for oxidative stress (7). In this study, we tried to clarify the mecha nism for the suppressive action in the hepatic I/R injury.
At first we confirmed that a single administration of C3G before hepatic I/R treatment is also effective in sup pression of the injury, and it is due to the antioxidant action of C3G or its metabolites. We used HEL and DT, recognized as oxidative stress markers, to estimate ox idative damage in the liver. Lipid hydroperoxides are formed during the initial stage of lipid peroxidation. Recently, Kato et al. reported that HEL is formed by the reaction of 13-hydroperoxyoctadecadienoic acid, a model of the lipid hydroperoxides, with lysine residue during the early stage of lipid peroxidation. The anti HEL antibody was prepared and positive staining ob served in human atherosclerotic lesions by the use of an immunohistochemical technique, and it was also de tected on the skeletal muscle of exercised rats (25, 38) . The results indicate that HEL can be used a good marker for oxidative damage of biological molecules in vivo.
The oxidation of tyrosine generates a tyrosyl radical , and DT is then formed by the reaction of two such radi cals. DT is formed by reactive oxygen species (39, 40) , enzymatic reactions (41, 42), UV irradiation (43) , and lipid peroxidation (44) . The anti-DT antibody was de veloped, and it demonstrated that DT can be detected in lipofuscin from the aged human brain (45) and in ath erosclerotic lesions in the aorta of Apo-E deficient mice (26). These results suggest that DT is also a useful marker for the estimation of protein cross-linking by ox idative stress.
In this study, we showed that liver TBARS, HEL, and DT were significantly elevated after I/R treatment; how ever, the elevations of these markers were completely suppressed by the administration of C3G. These results suggest that C3G and/or its metabolites would act as antioxidants to scavenge reactive oxygen species.
Neutrophils play an important role in the develop ment of hepatic I/R injury. MPO is an enzyme speci fi cally expressed in neutrophils, and the tissue MPO ac tivity is believed to be a useful marker for neutrophil in fi ltration into tissues. There have been many reports that the elevated MPO activity and neutrophil infiltra tion were clearly observed in the liver after hepatic I/R (46, 47) . In this study, liver MPO activity was elevated in the control group after I/R treatment, and the ad ministration of C3G significantly suppressed the eleva tion of this activity throughout the 4h reperfusion, in dicating that C3G can suppress neutrophil infiltration into the liver. CINC-1, a member of the IL-8 family, which has a po tent chemotactic activity, mediates the accumulation of neutrophils in the tissues and contributes to the devel opment of I/R injury (18-21). Matuo et al. showed that free radicals were mainly generated by neutrophils dur ing reperfusion and that the generation was depressed by antineutrophil antibody (14). Yamasaki et al. and Yagihashi et al. showed that pretreatment with anti -CINC antibody significantly reduced tissue myeloperoxi dase activity and injury after brain or small intestinal I/R injury in rats (22, 23). These findings strongly indi cate that a decrease in neutrophil infiltration into tis sues through a suppression of CINC-1 production is ef fective in the attenuation of I/R injury in rats. In this study, plasma and liver CINC-1 concentrations were extremely elevated in the control group, as well as the liver MPO activity, after hepatic I/R. However, these elevations were significantly suppressed in the C3G groups throughout the 4h reperfusion. In hepatic is chemia-reperfusion, CINC-1 is not produced by neu trophil itself; it is mainly produced by Kupffer cells and mediates the accumulation of neutrophils in the tissues (17, 48) . Therefore a decrease in the CINC-1 concentra tions by the administration of C3G would not be due to a suppression of neutrophil infiltrations into the liver. C3G can suppress the CINC-1 production stimulated by hepatic I/R treatment through its antioxidant activity. Reactive oxygen intermediates are accelerated in the hepatic I/R, and have been proposed as possible second messengers in the activation of the transcriptional fac tor, such as nuclear factor-KB (NF-kB) (49) . It was demonstrated that the CINC-1 expression is also tran scriptionally upregulated by activated NF-kB (50 Our previous study also showed that cyanidin was detected only in the jejunum and that Pe3G was de tected in the liver and kidneys after the administration of C3G. Neither metabolite was detected in the plasma throughout the 4h period after the administration of C3G when hepatic I/R was not encountered (33). However, in this study these metabolites appeared in the plasma after hepatic I/R. They would be leaked to the plasma because of the hepatic I/R, as GOT and GPT were, though the injury was significantly lightened in the C3G group, compared with the control group. 
